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(54) Highly selective silicon oxide etching method 



(57) A process for selectively removing a porous sil- 
icon oxide layer from a substrate having a portion ther- 
eon with an exposed dense silicon oxide which is to be 
retained on the substrate, the porous silicon oxide layer 
containing absorbed moisture therein, the process 
comprising : 

introducing the substrate to a flowing anhydrous 
gaseous environment consisting of anhydrous inert gas; 

adding anhydrous hydrogen fluoride gas to the 
gaseous environment for a pulse time which is at most 
only slightly longer than that required to initiate etching 
of the dense silicon oxide; 

flushing the gaseous environment with anhydrous 
inert gas for a time sufficient to remove said hydrogen 
fluoride and water vapor generated by the etching of the 



porous oxide; and, 

repeating said adding and flushing steps until said 
porous oxide layer has been removed. 

The process has particular application in manufac- 
turing of capacitors on microelectronic devices for etch- 
ing out BP TEOS or other such doped porous oxides con- 
tained within an open polysilicon structure built on a por- 
tion of a blanket layer of dense silicon oxide, such as 
TEOS. The process permits extremely highly selective 
removal of porous silicon oxides, especially doped ox- 
ides, relative to dense silicon oxides in a gentle manner. 
In particular, the process provides selectivity for removal 
of BP TEOS over removal of TEOS of greater than 50:1 
based upon oxide layer thickness removed. 
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Description 

Background of the Invention 



phorous doped TEOS and boron/phosphorous doped TEOS (BP TEOS) P ' P 

TCni , J 9 08 ° x,tte la >"» «»P<»«l»ra<ina »>• oulsld. of the cylinder base The Bp 

Summary of the Invention 

repeating said adding and flushing steps until said porous oxide layer has been removed. 
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Description of the Figures 

Figure 1 is a schematic sectional view of a silicon substrate covered with an dense undoped TEOS silicon oxide 
layer upon which has been built a polysilicon cylinder filled with a porous BP TEOS silicon oxide which is to be removed 
5 without destruction of the TEOS layer. 

Figures 2-4 are graphical representations of the removal of TEOS and BP TEOS layers from model and device 
wafer substrates under conditions defined in the examples. 

Detailed description of the Invention 

10 

U.S. Patent 4,749,440 describes the vapor phase etching of silicon dioxide as follows: 

water 
vapor 

75 4HF + Si0 2 . SiF 4 (vapor) + 2H 2 0 (vapor) 

The reference notes that water vapor acts as a catalyst and the above formula shows that for every molecule of silicon 
dioxide etched, two molecules of water vapor are produced. Therefore, the reaction is auto-accelerating. Once initiated, 
the reaction will continue regardless of the presence or absence of water in the oxide layer until the supply of HF to the 
20 substrate is stopped. 

In the processes of building up structures containing both porous silicon oxides, such as doped oxides, and dense 
silicon oxides, such as undoped thermal or CVD oxide, the structure is inevitably exposed to water or aqueous reagents 
or water vapor. Because of the porosity of the doped silicon oxide, this results in the silicon oxide layers containing 
absorbed moisture within the porous structure. Relatively less dense silicon oxides contain less or no absorbed moisture 

2s and any surface moisture can be readily removed by exposure to dry environments at mildly elevated temperatures. 

Because water vapor is a necessary catalyst to initiate the etching of silicon oxide, initiation of etching of porous 
silicon oxide layers occurs faster than initiation and subsequent etching of dense silicon oxide, even when the two types 
of oxides are directly adjacent. However, in reactors, such as the type described in U.S. 4,749,440, water vapor produced 
by the etching of a porous oxide cannot be confined to the immediate vicinity of the doped oxide and thus finds its way 

30 into the general gaseous environment where it can function to catalyze removal of the dense oxide as well. Once initiated, 
the dense oxide produces water vapor immediately adjacent the oxide layer, auto-accelerating its etching as well. While 
the porous oxide will often continue to etch faster (selectivities of 3:1-5:1 are typical, with selectivity of 10:1 occurring in 
some circumstances), the rate differences are not adequate for the type of application to which the present invention is 
directed. 

35 The present invention involves the recognition that selectivity for porous oxide can be enhanced by subjecting the 

substrate to an anhydrous gas mixture containing hydrogen fluoride in multiple pulsed cycles with intervening hydrogen 
fluoride-free flush cycles to remove water vapor generated by the etching of the porous oxide. Water vapor present in 
the porous oxide will initiate autoaccelerated etching of the porous oxide upon addition of anhydrous hydrogen fluoride, 
before etching of the dense oxide is initiated, if the hydrogen fluoride exposure is kept short enough, the moisture vapor 

40 generated by the porous oxide etching will not be sufficient to provide a substantial initiation of etching of the dense 
oxide, because of the lag time in transferring the generated moisture vapor from the vicinity of the porous oxide to the 
gaseous environment generally. Stopping the hydrogen fluoride feed into the reaction chamber before, or very shortly 
after, initiation of the dense oxide removal occurs, stops the reaction. The environment is then flushed with dry inert gas 
only so as to remove all water vapor generated during the short etch cycle. Reintroduction of hydrogen fluoride after 

45 the environment has been flushed, provides the process with a second initiation time lag which can be exploited in the 
same manner. As long as the hydrogen fluoride pulses are sufficiently short, and the subsequent flush is conducted so 
as to efficiently restore the gaseous environment to anhydrous condition, the dense oxide etch rate will be extremely 
low. Desirably the pulse times are selected so as to provide a total process selectively or porous oxide relative to dense 
oxide of about 25:1 or higher, preferably at least 50:1 , and still more preferably higher than 75:1 . 

so The actual pulse times may vary widely depending on the flow rate of the gas provided to the reaction chamber, 

the concentration of hydrogen fluoride, the water concentration in the porous oxide, and the relative amounts of surface 
exposure of porous oxide versus dense oxide, and the temperature at which the reaction is conducted. 

Flush cycles used in the process of the invention will generally be much longer than the pulse cycles. Therefore, it 
is advantageous to run the hydrogen fluoride pulse as long as possible before substantial etching of the dense oxide 

55 layer is initiated in order to minimize the total number of cycles required to etch the porous oxide to the desired depth. 
Suitable anhydrous inert gases for flushing the environment include nitrogen (N 2 ), helium (He) and argon (Ar). 

The etching reactions are generally accelerated with temperature when moisture is present. Elevated temperature, 
however, also functions to dry moisture from the immediate substrate surface. This does not substantially affect the 
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SSOi Howler InT, h « T'*™ '° in ^ te an accelerate e,ch is *W h 'he oxide 

oetcn^ 

t™!Z?' Cons ^ uent| y the selectlvlt y ra t<o between the two oxide types can be enhanced by elevated t«wm«w? 
mTb ESS fan9e ° f ambien ' ,0 10 °° C ° r 6Ven N9her are 9 enerall V sui ' a »,e. T»-npi«ThS!SSJ 

doubirtotS^nwr? ^ Z M ar9 8mp ' 0yed Flow rates 00 the order of l^rs per minute i e 
double c triple the low rates employed ,n moist HF vapor etch processes have been found to be most desirable 

vto aT^T^^ t V f ' UOnde concen,ration is suita "ly maintained a. about 1. 5-2. more 
S! r ?l f Co " centratlons ™ts,de these ranges, however, may be suitable or even optimal in other applica- 
tions or under other conditions of pressure, temperature and flow rate PP 

Oth^T^ 

Other flushing techniques, however, may also be suitable, such as vacuum pumping. The flushing step l ab be 
accompanied by heating or irradiation to enhance moisture desorp.ion during the flush cycle 

To remove 5,000 A BP TEOS while removing less than 1 00, typicalry about 80 A or less of TEOS it has been found 
that by using the recommended conditions above, 2-9 pulses between about 3 and 8 seconds ich omce^H ^H 

i ^ y SpeCrf,C a PP |,ca,ion Parameters may fall outside these recommended ranges and still 
provide suable, or even optimal conditions for achieving the desired selectivity for that application 

h„. ™ 8 f « matS 03,1 bS treat6d by ,he present P rocess can generally be any type of substrate material 

but common* will constitute silbon, silicon dioxfcfe (including quartz) or gallium arsenide wafer subs rate ' 

fi™?n 9 T 6 in,r0dUCed int ° ,he pr0Cessin9 cnamber in a which creates a uniform radial laminar 

flow pattern over the substrate, for instance through a gas distribution showerhead. In this manned emov^l o etchina 

p p ir:^^ 

^hlfr' 00 ' n WW ? th f PreSen ' inV9n,i0n h3S particular adva ™ a 9s is shown in Figure 1 where there is shown a 
2 OntveM^r Tt TV" 60 " " M pr0Vided a dense blanka < **r of TEOS s Hcon oxide 
, V ■ ^ Cy " nder U C ° mpriSin9 b0l,0m member 16 and sid * w a " 18 has been built up The man 

ufactur.ng process has left cylinder 14 filled with porous BP TEOS silicon oxide laver 20 TFO<? Zl, is. i 7n 1 
of 3000 A. The thickness of the BP TEOS layer 20 is generally in the Z T<&* 7 ™K^4& 1Z 

OT aa Ja cer » I EOS so as to avoid undue undercutting of the cylinder 
While the process has been described in detail with regard to specific types of porous and dense oxides it should 

species is des red to be removed at a selectively higher rate than a second, relatively more dense silicon oxide 
The invention is illustrated by the following nonlimiting examples: 



EXAMPLES 



,i,m c ° f I E ° S (2 Waf8rS desi9na,ed respect ^ as TEOS 1 a " d TEOS 2) a 
blanket film of BP TEOS, and a Dev.ce as in Fig. I were prepared. The thickness of the silicon oxide blanket films could 

BP-TE^lTiJ^ 

BP TEOS Iayer20 on the Device wafer was not able to be measured with available instrumentation but its removal rate 
is believed to be reflected by the removal rate of the BP TEOS blanket film 

The silicon wafers were introduced into a process chamber as described in US patent 4 749 440 The chamber 
briefly ; evacuated to pre-purge the environment above the wafers and then ^TJ^^n^ZTe 
substrate wafers or a 60 second flush time. HF gas was then added to the gas flow, while maintaining nX or a 

Z 4o"c ExamoS 1 T ** * WaS maintained * ambient 'b-ghouS * « r 

was 40 C. n Examples 1 and 4, the wafers were removed after each HF pulse and the thickness of the oxide film« 

aTd a HFoie SET * ** * T »*" ™° ' e,t in ,h * p ™ ess chambar ' a " d - a eco nZ 

The parameters employed for the various examples are shown in Table 1 . 
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Table 1 



Example 
No. 


N 2 flow 

rate 
(l/min) 


HFflow 

rate 
(cc/min) 


HF % 


Pulse 
time 
(seconds) 


Results 
pioueu in 
Figure 
No. 


1 


60 


1080 


1.77 


3 


2 


2 


60 


1080 


1.77 


5 


3 


! 3 


45 


810 


1.77 


5 


4 




4 


45 


810 


1.77 


8 


5 



Figures 2-5 plot the incremental and cumulative removed oxide measurements for each wafer employed in Examples 
20 1-4, respectively. In these Figures, the TEOS layer measurements on the TEOS 1.TEOS 2 and Device wafers are 
reflected by the left hand scale while the BP TEOS layer measurements on the BP TEOS blanket film wafer is reflected 
on the right hand scale. 

Figs 2-5 show that in all cases the TEOS removal rate for the Device layer exceeded the removal rate of the simple 
blanket film layers, apparently reflecting the influence of the adjacent BP TEOS on the Device wafers in shortening the 
25 initiation time for TEOS removal. However, in all cases the removal rate of BP TEOS from the BP TEOS blanket film 
wafer exceeded 50:1 relative to the rate of removal of the TEOS layer on the Device wafers. 



Claims 

30 

1. Process for selectively removing a porous silicon oxide layer from a substrate having a portion thereon with an 
exposed dense silicon oxide which is to be retained on the substrate, the porous silicon oxide layer containing 
absorbed moisture therein, the process comprising : 

35 introducing the substrate to a flowing anhydrous gaseous environment consisting of anhydrous inert gas; 

adding anhydrous hydrogen fluoride gas to the gaseous environment for a pulse time which is at most only 
slightly longer than that required to initiate etching of the dense silicon oxide; 

flushing the gaseous environment with anhydrous inert gas for a time sufficient to remove said hydrogen fluoride 
and water vapor generated by the etching of the porous oxide; and, 
40 repeating said adding and flushing steps until said porous oxide layer has been removed. 

2. A process as in claim 1 wherein said anhydrous inert gas is selected from the group consisting of nitrogen, helium, 
argon and mixtures thereof. 

45 3. A process as in claim 1 or claim 2 wherein said hydrogen fluoride gas is introduced into said gaseous environment 
in mixture with an anhydrous inert gas. 

4. A process as in any previous claim wherein the gaseous environment is maintained at a temperature between 
ambient and 200°C, preferably between ambient and 100°C. 

50 

5. A process as in claim 4 wherein said temperature is between 35° C and 45° C. 

6. A process as in any previous claim wherein said gaseous environment has a flow rate in excess of 30 l/min, preferably 
45-60 l/min. 

55 

7. A process as in claim 3 wherein the hydrogen fluoride concentration in said mixture is between 1.5% and 2.0% by 
volume, preferably between 1 .7% and 1 .9% by volume. 
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9. A process as in claim 11 wherein said selectivity is at least 50:1. 

«. A prcc*. as ,„ « m « * erei „ „ 8ton „ la . „ Bp TE0S ana ^ dens> si|jeoo oxM8 ^ TEQs 
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